Plasma renin activity (PRA) and plasma aldosterone concentration (PAC) were measured by radioimmunoassay as previously described. 10 Blood was collected from an antecubital vein and serum potassium concentrations were measured using a standard ion electrode method.
Introduction
Primary aldosteronism, first described in 1955, is characterized by hypertension, hypokalemia, suppressed plasma renin activity (PRA) and autonomous aldosterone production. [1] [2] [3] Aldosterone excess with subsequent hypokalemia leads to QT interval prolongation, which may increase the risk of life-threatening arrhythmias such as torsade de pointes (TdP). 4 In humans, QT interval is prolonged in women compared with men. [5] [6] [7] [8] Women are also at increased risk for drug-induced TdP. 8 In this study, we assessed whether QT interval was still different between male and female patients with primary aldosteronism. We also assessed the gender difference in the relation between serum potassium level and QT interval.
Materials and methods

Study population
The study population consisted of 80 patients with newly diagnosed primary aldosteronism. Primary aldosteronism was confirmed with the captopril challenge test, the furosemide plus upright test and / or the salt loading test. These protocols have been previously described. 9 Patients with bundle branch block, atrial fibrillation or ventricular pacing were excluded because these factors might affect QT interval. Patients receiving aldosterone antagonist or potassium supplementation were also excluded because these agents might affect serum potassium level. Informed consent was obtained from each patient. sec and an amplification of 10 mm/mV. The isoelectric line was defined as the level of the preceding TP segment. The RR and QT intervals were measured with a magnifying ruler on the ECG tracing. The QT interval was taken from the beginning of the QRS complex to the end of the downslope of the T wave (crossing of the isoelectric line). When T waves were inverted, the end was taken at the point where the trace returned to the isoelectric line. When U waves were present, the end of the T wave was taken as the nadir between the T wave and the U wave. QT intervals were measured by one independent observer who was unaware of the clinical data of the patients. The QT considered for each patient was the maximum QT measured in any lead. To adjust QT interval for the heart rate, the QTc interval was calculated according to Bazett's formula: QTc interval (msec) = QT interval (msec) / RR 1/2 . [5] [6] [7] [8] The Sokolow-Lyon index (sum of S wave in V1 and R wave in V5) was measured as an index of left ventricular hypertrophy. 11 
Echocardiographic data
Transthoracic echocardiographic data were obtained on admission using a commercial ultrasound machine. Twodimensional guided M-mode measurements of the left ventricular end-diastolic diameter (LVDD), the interventricular septum thickness (IVS) and posterior wall thickness (PW) were measured. Left ventricular mass was calculated using the formula of Deverreux and Reichek: left ventricular mass (g) =1.04[(LVDD+IVS+PW) 3 -(LVDD) 3 ]-13.6. Left ventricular mass (LVM) index was calculated by dividing LVM by body surface area. 12, 13 
Statistical analysis
Statistical analysis was performed with Chi-square and Student's t-tests. Relations between variables were determined by linear regression analysis. All data are expressed as mean±standard deviation (SD). Differences were considered significant if the p value was <0.05.
Results
Patient characteristics
Patient characteristics are shown in Table 1 .
There were 39 male and 41 female patients. No patient had a history of clinically documented TdP. There was no significant difference in age, blood pressure, PRA, PAC or serum potassium level (3.6±0.7 mEq/l vs 3.8±0.5mEq/l, p=not significant (ns)) between male and female patients. Although heart rate was significantly lower in male patients than in female patients (67±11 bpm vs 73±12 bpm, p<0.05), there was ns difference in QTc interval between the two groups (423±26 msec vs 427±23 msec, p=ns). Also, there was ns difference in incidence of QTc interval more than 450 msec (10% vs 12%, p=ns). Sokolow-Lyon index (34.1±9.5 mm vs 29.0±7.2 mm, p<0.01) and LVM index (125.8±34.6 g/m 2 vs 104.9±25.2 g/m 2 , p<0.01) were significantly higher in male patients than in female patients. 
Effect of gender on the relationship between serum potassium level and QTc interval.
In overall patients, serum potassium level was inversely associated with QTc interval significantly (r=−0.36, p<0.01, Figure 1 ), but was not associated with PAC (r=0.06, p=ns). In male patients, there was still a significant inverse correlation between serum potassium level and QTc interval (r=−0.42, p<0.01, Figure 2 , left panel). However, this correlation was lost in female patients (r=−0.30, p=ns, Figure 2 , right panel).
Effect of gender on the relationship between left ventricular hypertrophy and QTc interval.
In male patients, Sokolow-Lyon index or LVM index did not correlate with QTc interval. Also in female patients, these parameters did not correlate with QTc interval.
Discussion
Present findings
The major findings of this study were (a) QTc interval was similar between male and female patients; and (b) QTc interval was inversely associated with serum potassium level in male patients, but this correlation was lost in female patients with primary aldosteronism.
Serum potassium level and QT interval. Previous studies assessed the correlation between serum potassium level and QTc interval in patients with primary aldosteronism. Yang et al. reported no correlation between serum potassium level and QTc interval in 26 patients with primary aldosteronism. 14 15 This inconsistency may be related to a small sample size. In this study, we evaluated a large number of 80 patients and demonstrated that serum potassium level was inversely associated with QTc interval. There was no correlation between PAC and QTc interval, suggesting that aldosterone excess itself did not affect QTc interval in patients with primary aldosteronism.
Gender and QT interval. Gender differences in QTc interval have been shown repeatedly since Bazett et al. noted a mean difference of 24 msec in QTc interval. 5 Burke et al. confirmed that women have a longer QTc interval than men, and suggested that differences in autonomic tone and menstrual cycle variability do not appear to be responsible for the gender difference. 6 In this study, we demonstrated that QTc was similar between male and female patients. Hypokalemia-induced QT interval prolongation appears to abolish the gender difference in QTc interval in patients with primary aldosteronism. As shown in our previous study, left ventricular hypertrophy did not correlate in male and female patients with primary aldosteronism. 16 Sex hormones and QT interval. This study demonstrated that QTc interval was inversely associated with serum potassium level in male patients, but this correlation was lost in female patients with primary aldosteronism. The precise reason remains unclear. In a study with hypogonadic men, a negative linear relation was found between QTc internal and testosterone concentration. 17 It has been also shown that female patients with polycystic ovary syndrome and increased testosterone levels have a shorter QTc interval. On the other hand, another study failed to find any difference in QTc interval in women when measured at the time when estrogen concentrations were at their nadir during menses or at the peak just before ovulation. 18 Experimental data obtained in various models support these clinical results. 19, 20 Testosterone appears to be the main hormonal factor of the gender-related differences of QT interval. Testosterone concentrations are about 10-to 20-fold higher in men than women. 21 The relationship between serum potassium level and QT interval might disappear in female patients because of their individual testosterone concentrations, although we did not measure testosterone concentrations in this study. Our results suggest that female patients might have prolonged QT interval more frequently even in the presence of normal potassium level compared with male patients. Clinicians should pay careful attention to serum potassium level as well as QT interval in patients with primary aldosteronism.
Study limitations
There are some limitations in this study. First, we did not measure serum magnesium and calcium levels that were also associated with QT interval. Second, activation of the sympathetic nervous system may affect QT interval. However, functional evaluation of the autonomic nervous system was not available in this study. Third, it could not be evaluated whether the treatment of hypokalemia improved QT interval prolongation. Finally, we did not measure sex hormones such as testosterone, estrogen or progesterone, and did not evaluate their effects on QT interval.
Conclusions
In conclusion, QTc interval was inversely associated with serum potassium level in male patients, but this correlation was lost in female patients with primary aldosteronism. Clinicians should pay careful attention to QTc interval even in the presence of normal potassium levels, especially in female patients.
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